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TUBING EXPANSION 

FIELD OF THE INVENTION 

The present invention relates to tubing expansion. In 

particular,  the invention relates to expansion of a first 

tubular within a larger diameter second tubular to provide 

5 interference between the tubulars. 

BACKGROUND OF THE INVENTION 

In the oil and gas exploration and extraction 

industry, well bores are lined with metal tubing. 

Typically, the majority of a well will be lined with tubing 

10 known   as   casing,   while   the   distal   end   of   the   well is 

provided with smaller diameter tubing known as liner. 

Generally, the section of the well provided with the liner 

will intersect the hydrocarbon-bearing formation. The 

liner may be suspended from the lower end of the casing by 

15 means of a liner hanger. 

Conventionally, the liner hanger is a tubular assembly 

which is mounted on the upper end of the liner. The hanger 

is run into the casing with the liner and then configured 

first  to  engage  and then  to  seal with the  casing inner 

20 surface. 

There is an undesirable loss of liner internal 

diameter   associated   with   the   provision   of conventional 
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liner hangers, and this is one reason behind the 

development of alternative hanger arrangements, such as 

proposed in W099\18328 (Bailey et al) . The disclosed 

hanger arrangement is achieved by expanding the upper end 

5 of   the   liner   within   a   larger   diameter   casing,   with a 

tubular spacer located therebetween. The liner, casing and 

spacer are of similar material. The liner is expanded past 

its yield point sufficiently to expand the spacer and the 

casing,  with the intention that,  following release of the 

10 expansion force, the elastic recovery of the liner is less 

than the elastic recovery for the casing. It is suggested 

that this provides for interference between the expanded 

liner, spacer and casing, sufficient to provide the 

necessary hanging support for the liner. 

15 it   is   among   the   objectives   of   embodiments   of the 

invention to provide a method and apparatus for use in 

forming a liner hanger which will provide a secure and 

reliable coupling between the liner and casing. 

SUMMARY OF THE INVENTION 

20 According to a first aspect of the present invention 

there is provided a method of coupling first and second 

tubulars,  the method comprising: 

providing   a   first   tubular   of   a   first  diameter and 

having a first yield strength; 

25 . providing   a   second   tubular   of   a   second diameter 
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greater than said first diameter and having a second yield 

strength greater than said first yield strength; 

locating at least a portion of the first tubular 

within and overlapping with at least a portion of the 

5 second tubular; 

expanding said portion of the first tubular sufficient 

to expand said portion of the second tubular, at least the 

first tubular being expanded beyond its yield point; and 

permitting at least a degree of elastic contraction of 

10 the tubulars sufficient to provide interference between the 

tubulars. 

According to a second aspect of the present invention 

there  is provided  a method of coupling  first and second 

tubulars,  the method comprising: 

15 providing  a   first   tubular  of  a   first   diameter and 

having a first modulus of elasticity; 

providing   a   second   tubular   of   a   second diameter 

greater   than   said   first   diameter   and   having   a second 

modulus   of  elasticity  lower  than   said  first  modulus of 

20 elasticity; 

locating at least a portion of the first tubular 

within at least a portion of the second tubular; 

expanding said portion of the first tubular sufficient 

to expand said portion of the second tubular; and 

2 5 permitting at least a degree of elastic contraction of 

the tubulars sufficient to provide interference between the 
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tubulars. 

The invention also relates to  apparatus for use in 

implementing the methods. 

In both aspects of the present invention, selection of 

5 the properties of  the tubulars  facilitates  provision of 

interference between the tubulars; the elastic recovery of 

the outer second tubular will be greater than the elastic 

recovery of the inner tubular. Earlier proposals have 

suggested that this effect may be achieved using tubulars 

10 formed   of   similar   materials.       However,   where similar 

materials are utilised, this effect is less easily 

achieved, and in some cases may result in minimal or even 

no coupling between the tubulars. It is believed that this 

problem may have been disguised in prior proposals by the 

15 provision  of  elastomeric  seals  and  the  like between the 

tubulars; the poor coupling between the tubulars themselves' 

may  not  have  been  apparent  due   to  the   coupling effect 

provided by the expanded seals. 

These aspects of the invention have particular utility 

20 in downhole applications, where the tubulars, such as liner 

and casing, may be coupled to provide a hanger for the 

first tubular. In such applications it is of course 

preferred that the interference between the tubulars is 

sufficient   to   provide   hanging   support   for   the first 

25        tubular, and furthermore that the interference between the 

tubulars is such that a fluid seal is provided between the 

SUBSTITUTE SHEET (RULE 26) 



WO 03/048521 PCT/GB02/05544 

5 

tubulars. 

Preferably,   the   second   tubular   is   expanded   to or 

beyond     its     yield    point,     this     being particularly 

advantageous  in respect of the  first aspect.     To ensure 

5 that the second tubular is expanded beyond its yield point, 

the degree of expansion may be selected to accommodate 

variables which may impact on the expansion process, such 

as variations in tubular wall thickness; API specifications 

permit  a  degree  of  variation  in  tubular  wall thickness 

10 which  would  make   it   difficult   to   guarantee   a specific 

degree of expansion, unless higher specification or 

specially manufactured or machined tubulars were utilised. 

Thus, it may be known that the wall thicknesses of the 

tubulars   may  vary  by plus   or  minus   10%,   such  that the 

15 degree of expansion is selected to be high enough to ensure 

that one or preferably both of the tubulars will pass 

through yield. 

Preferably, in the second aspect, as in the first 

aspect,   the   first  tubular   is   expanded to  or  beyond its 

20 yield point,   such that the tubular is subject to plastic 

deformation which is retained following elastic recovery. 

Each tubular may have substantially constant material 

properties over its length. Alternatively, said portion 

may    feature    different    material    properties    than the 

25 remainder  of  the  tubular.     Thus,   for example,   a second 

tubular may be provided which is formed substantially of a 
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steel-based alloy, with only an end portion formed of a 

relatively expensive low modulus titanium alloy, or a 

material having a higher yield strength than the steel- 

based alloy. 

5 The material properties, that is the yield strength or 

elastic or Young's modulus, of the tubulars may be 

substantially constant across the thickness of the tubular 

walls. Alternatively, the material properties may vary 

across the thickness of the tubular walls.     This may be 

10 achieved   by   a   number   of   means,   for   example selective 

localised heat treatment of a portion of the tubular wall. 

In other examples, the tubular wall may comprise two or 

more different materials, for example the tubular wall may 

incorporate bands of different materials having different 

15 properties.   The different materials may be integral or may 

be present as separate members. In one embodiment a ring 

or sleeve of relatively high yield strength or low modulus 

may be provided externally of an otherwise conventional 

second tubular.    Thus embodiments of the invention may be 

20 provided   utilising   substantially   conventional tubulars, 

which may even be  of  the  same material,   by providing a 

!   close-fitting ring or band of a material such as titanium 

around the second tubular. 

The   tubulars   may   be   expanded   by   any appropriate 

25        method,    including   forcing   an   expansion   swage,   cone or 

mandrel   through   the   tubulars,   or   applying   an elevated 
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hydraulic pressure to the inner diameter of the first 

tubular, or a combination of both. The swage or cone may 

take any appropriate form, and may include rolling or low 

friction surfaces to facilitate translation of the 

5 expansion  device  through  the  tubulars.      Such expansion 

induces circumferential stretching or strain in the 

tubulars. For such mechanisms, it is important that the 

second tubular is free to expand, preferably to and beyond 

yield,  and in downhole applications of the invention this 

10 may require that the annulus surrounding the second tubular 

is not filled by incompressible material, such as set 

cement or a part of the bore wall which would restrict or 

prevent    any    such    expansion. An    arrangement for 

facilitating provision of such an annulus is described in 

15 applicant's   PCT/GB01/04202,   the   disclosure   of   which is 

incorporated herein by reference.    Such an arrangement may 

be provided  in combination with the present invention. 

However,   in some circumstances it may be difficult if not 

impossible   to  guarantee   that   the   annulus   is   or  remains • 

20 clear,   or   that   some   other   variable  will   impact   on the 

ability to expand the second tubular to the desired extent. 

In such cases it may be desirable to provide an expansion 

device having a degree of compliance, that is a device 

which will normally expand  the  tubulars  to the desired, 

25 predetermined extent, but which is capable of accommodating 

-reductions in the degree of expansion, as may occur if the 
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wall of one oir both of the tubulars was unusually thick or 

if there was a reduction in bore diameter due to a swelling 

formation. In the absence of such compliance, a fixed 

diameter expansion cone or swage would be unable to pass 

5 through the restriction, and could become stuck fast at the 

restriction. Most preferably, the degree of compliance 

built into the cone or swage is such that the minimum 

degree of expansion provided by the swage is sufficient to 

expand the first tubular through yield. 

10 Alternatively,  or in addition,  it may be possible to 

expand the tubulars utilising a rolling or rotary expansion 

device, which may or may not be compliant, such as the 

various expansion devices which are available from the 

applicants,     and    as    described    in    WO00\377 66    and US 

15 09\469,690,    the   disclosures   of   which   are incorporated 

herein by reference. 

Spacing, sealing or gripping members may be provided 

on one or both of the tubulars, or for location between the 

tubulars.      The   sealing  members  may  include elastomeric 

20 rings or sleeves,   or bands of formable material,   such as 

relatively soft metal such as lead or bronze. The gripping 

members may include slips or teeth of relatively hard 

material, or elements of relatively hard material, such as 

tungsten carbide, that will bite into the opposing surfaces 

25 of the tubulars.    However,  it is believed that the degree 

of interference provided by the present invention is such- 
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that, for the majority of applications, no such seals or 

spacers will be required, and that the first tubular will 

be in direct contact with the second tubular. 

The yield strength of the first tubular is preferably 

5 selected to be lower than the yield strength of the second 

tubular before any expansion or deformation has taken 

place. However, it is more important that the yield 

strength of the first tubular is lower than the yield 

strength    of    the    second    tubular    at    the    point when 

10 deformation   of   the   second   tubular   is   initiated, most 

preferably on first contact between the tubulars. For 

example, it may be proposed to utilise a low yield point 

highly ductile alloy steel first tubular in a situation 

where significant clearance is to be provided between the 

15 unexpanded tubular and the casing or second tubular through 

which the expandable tubular is run, to allow for fluid 

bypass when running into the well bore. Thus, in order to 

engage the casing, the expandable first tubular would have 

to be expanded a considerable way beyond its yield point 

20 before the tubular makes contact with the surrounding 

casing. In the process of expansion the material 

properties of the inner tubular change due to the material 

being cold worked; the yield point will increase, with the 

possibility of  the  yield point becoming higher than the 

25 yield point of the outer casing.     In the event that this 

does occur,  there is the possibility that minimal or even 
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no interference will be established between the tubulars, 

even if both are then further expanded past yield. Another 

aspect of the invention therefore relates to determining 

the yield point of a first tubular at the point expansion 

5 of the second tubular will be initiated.    On the basis of 

this information, it can be determined whether a spacer or 

other coupling mechanism is required between the first and 

second tubulars. Similarly, further aspects of the 

invention relate to determining a material property of a 

10 tubular  and then selecting  a  further  tubular having the 

material properties necessary to achieve an appropriate 

level of interference therebetween, or simply to 

determining the suitability for coupling of two tubulars. 

The determination of suitability may be carried out using 

15 any appropriate method,   including finite element analysis 

(FEA). 

For.the first aspect,  the materials utilised to form 

the tubulars may have the same or similar elastic moduli. 

Of   course   the   aspects   of   the   invention   may be 

20 combined,   that  is  by providing  a  second tubular with a 

greater yield strength and a lower modulus of elasticity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other aspects of the present invention will 

now be described, by way of example, with reference to the 

25 accompanying drawings,  in which: 
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Figures 1 and 2 are schematic sectional views of steps 

in creating a liner hanger in accordance with an embodiment 

of the present invention; and 

Figure 3 is a sectional schematic view of a liner 

5 hanger   in   accordance  with   a   further   embodiment   of the 

present invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

Reference is first made to Figure 1 of the drawings, 

which illustrates a section of a drilled bore 10 into which 

10 a first tubular,  in the form of a liner 12, has been run, 

with the upper end of the liner 12 overlapping the lower 

end of a second tubular, in the form of existing casing 14. 

The liner 12 has an outer diameter smaller than the 

inner diameter of the casing 14,  to allow the liner 12 to 

15 be run through the casing. 

An expansion device, in this example a conical swage 

16, has been run into the bore with the liner 12, and is 

run through at least the upper end portion of the liner 12. 

The degree of expansion is such that the outer face of the 

20 liner   12   contacts   the  inner   face  of  the   casing   14 and 

expands the casing 14; the annulus surrounding the lower 

end of the casing has been left free of cement, to permit 

expansion of the casing. The degree of expansion of the 

liner   12   is   further   selected   such   that   the   liner 12 

25 experiences   an  expansion   force   in   excess   of   its yield 

strength,   that  is  the  liner  12  is  subject  to permanent 
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plastic deformation. 

After the expansion device 16 has passed through the 

overlap between the liner 12 and casing 14, as illustrated 

in Figure 2,   the tubulars 12,   14  experience a degree of 

5 elastic   recovery.      To  provide   an   appropriate  level of 

contact stress and interference, the degree of elastic 

recovery of the casing 14 is greater than that of the liner 

12. This is achieved by selecting a casing material having 

one or both of a lower modulus of elasticity and higher 

10 yield strength than the liner material. 

EXAMPLE 1 

In   a   first   example,   the   casing   14   is   of titanium 

alloy, with a Young's modulus   (E)  of elasticity of 15 - 17 

15 x 106 psi. The liner 12 is of a A106 Grade B steel, having 

a modulus of 29 - 30 x 106 psi (180 - 210 GPa). Following 

expansion, the degree of elastic recovery of the casing 14 

is of the order of twice the degree of recovery of the 

liner 12, with the result that there is significant contact 

20 stress   (2,830  psi)   between the  liner   12  and casing 14, 

leading to the creation of a secure,  fluid tight hanger. 

EXAMPLE 2 

In a second example,  the liner 12 is in the form of 

A106 Grade B line pipe with a yield strength of 46, 500 psi, 

25 while the casing  14  is  in the  form of L80 casing with a 

yield strength of 98,500 psi.   The initial outside diameter 
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of the liner 12 and the inside diameter of the casing 14 

are both approximately 75/8", and both have a wall thickness 

of 

The degree of expansion was selected such that both 

5 the liner 12  end casing 14  experienced stress 10% above 

their yield points. 

Once the expansion force is removed, and the tubulars 

12,  14 are permitted to relax, a contact stress of 2400 - 

2500   psi    (determined   by   FEA)    is   created   between the 

10 tubulars' due to the differential elastic recovery of the 

linfer 12 and casing 14. This level of stress is sufficient 

to permit the liner to be hung from the .casing 14 and, 

assuming the contacting surfaces are reasonably smooth, 

creates a fluid-tight seal between the tubulars, obviating 

15 the requirement for elastomeric seals. 

COMPARATIVE EXAMPLE 3 

In this  comparative example,   the same materials and 

tubular dimensions as described in Example 2 were utilised, 

20 however the materials were reversed,  that is the liner 12 

was formed of L80 line pipe and the casing 14 of the lower 

yield A106 Grade B line pipe. 

As with Example 2,    the  degree  of  expansion was 

selected   such   that   both   the   liner   12   and   casing 14 

25 experience stress 10% above their yield points. 

Following expansion,  the greater elastic recovery of 

the higher yield strength liner 12 was found to result in 
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a small (0.005") radial annular gap appearing between the 

liner 12 and the casing 14. 

It will thus be apparent to those of skill in the art 

that    the   appropriate   determination   and    selection of 

5 material properties, as taught by the present invention/ is 

important in achieving a secure and reliable coupling 

between expanded tubulars. In other aspects of the 

invention material properties other than yield strength and 

elastic modulus may be determined and selected with a view 

10 to ensuring that a secure coupling is achieved. 

Reference is now made to Figure 3 of the drawings, 

which is a sectional schematic view of a liner hanger 50 in 

accordance with a further embodiment of the present 

invention.     The  liner hanger 50  is created  in a similar 

15 manner  to  the  hanger  described  above  with  reference to 

Figures 1 and 2. However, in this example the liner 52 and 

the casing 54 are formed of similar materials having 

similar material properties, such as an appropriate steel. 

To ensure the creation of a secure interference coupling 

20 between the tubulars 52, 54, the expansion behaviour of the 

lower end of the casing 54 is modified by fitting a band 56 

of titanium alloy around the casing 54. Thus, the 

composite portion of the casing 54, 56 will experience a 

greater   degree   of   elastic   recovery   than   the   liner 52 

25 following  expansion,   to  create  a  secure  and fluid-tight 

coupling between the liner 52 and the casing 54. 

This embodiment offers the advantage that sections of 
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tubular of the same or similar properties may be used to 

line well bore in accordance with embodiments of the 

invention, with the expansion properties of localised 

portions of the tubular sections being modified simply by 

5 providing a relatively short band or ring of an appropriate 

material around the portion of tubular which will form the 

outer tubular at the coupling between the sections. 

Those of skill in the art will appreciate that the 

above  described  embodiments   are  merely  exemplary  of the 

10 present    invention   and   that   various   modifications and 

improvements may be made thereto, without departing from 

the scope of the invention. For example, in the above 

described examples it is assumed that expansion occurs due 

to substantially uniform deformation or extension of the 

15 tubulars     walls,     however     in     other     embodiments the 

deformation may be non-uniform or may be limited to 

selected portions of the bore wall; the expansion may be as 

a result of circumferential extension of only a part of the 

wall  of  one  or both of the  tubulars,   the expansion may 

20 result in the creation of a non-circular form,  and indeed 

one or both of the tubulars may initially be non-circular. 

In other embodiments, the coupling between the liner 

and casing may be formed by following a different sequence 

of events.     For example,   liner may be run through casing 

25 and then the  upper end of  the  liner expanded below the 

casing to an inner diameter larger than the outer diameter 

of the  lower end of the  casing.     The liner may then be 
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lifted such that the expanded upper end of the liner 

surrounds the lower end of the casing. The lower end of 

the casing is then expanded into contact with the 

previously expanded upper end of the liner. 
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CLAIMS 

1. A method of coupling first and second tubulars, the 

method comprising: . 

providing a first tubular having a first yield 

5 strength; 

providing a second tubular having a second yield 

strength greater than said first yield strength; 

locating at least a portion of the first tubular 

within and overlapping at least a portion of the second 

10 tubular; 

expanding said portion of the first tubular sufficient 

to expand said portion of the second tubular, at least the 

first tubular being expanded beyond its yield point; and 

then 

15 permitting at least a degree of elastic relaxation of 

the tubulars. 

2. The method of claim 1, comprising expanding said 

portion of the first tubular by application of an expansion 

force thereto and then at  least  reducing said expansion 

20 force to permit said degree of elastic relaxation of the 

tubulars. 

3. The method of claim 1 or 2,  comprising expanding the 
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tubulars downhole. 

4. The method of claim 3, wherein the first tubular is 

liner. 

5. The method of claim 3 or 4, wherein the second 

tubular is casing. 

6. The method of any of the preceding claims, further 

comprising hanging the first tubular off the second 

tubular. 

7. The method of any of the preceding claims, further 

comprising forming a fluid seal between the tubulars. 

8. The method of any of the preceding claims, comprising 

expanding the second tubular at least to its yield point. 

9. The method of any of the preceding claims, comprising 

expanding the second tubular beyond its yield point. 

10. The method of any of the preceding claims,-comprising 

expanding the tubulars by forcing an expansion cone through 

the first tubular. 

11. The method of any of the preceding claims, comprising 

expanding the tubulars by rolling expansion. 
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12. The method of any of the preceding claims, comprising 

expanding the tubulars using a compliant expander device 

providing a minimum degree of expansion sufficient to 

expand the first tubular through yield. 

5 13.    The method of any of the preceding claims, comprising 

maintaining an annulus surrounding said portion of the 

second tubular free of material that would restrict the 

desired degree of expansion of the tubulars. 

14. The method of any of the preceding claims, comprising 

10         expanding the first tubular to contact the second tubular. 

15. The method of any of the preceding claims, comprising 

selecting the yield strength of the first tubular to be 

lower than the yield strength of the second tubular before 

expansion of the tubulars. 

15 16.    The   method   of   any   of   claims   1   to   14, comprising 

selecting the yield strength of the first tubular to be 

lower than the yield strength of the second tubular at the 

point deformation of the second tubular is initiated. 

17.    The method of any of the preceding claims, comprising 

20 selecting the materials utilised to form the tubulars such 

that the tubulars have similar elastic moduli. 
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18. The method of any of claims 1 to 16, comprising 

selecting the materials utilised to form the tubulars such 

that the second tubular has a lower elastic modulus than 

the first tubular. 

5 19.    The method of any of the preceding claims, comprising 

selecting the degree of expansion to accommodate known 

variables and to ensure expansion of the second tubular to 

a minimum predetermined degree. 

20. A method of  coupling  a  first tubular with  a second 

10         tubular, the method comprising: 

determining the yield strength of a second tubular; 

selecting a first tubular having a yield strength less 

than said determined second yield strength; 

locating   at   least   a   portion   of   the   first tubular 

15 within and overlapping at  least a portion of the second 

tubular; 

expanding said portion of the first tubular sufficient 

to expand said portion of the second tubular,  at least the 

first tubular being expanded beyond its yield point; and 

20 permitting at least a degree of elastic relaxation of 

the tubulars. 

21. A method of coupling  a first tubular with  a second 

...... . tubular, the method comprising: 

25 determining the yield strength of a first tubular; 
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selecting a second tubular having a yield strength 

greater than said determined first yield strength; 

locating at least a portion of the first tubular 

within and overlapping at least a portion of the second 

5 tubular; 

expanding said portion of the first tubular sufficient 

to expand said portion of the second tubular, at least the 

first tubular being expanded beyond its yield point; and 

permitting at least a degree of elastic relaxation of 

10 the tubulars. 

22. A tubing hanger made in accordance with the method of 

any of the preceding claims. 

23. A tubing coupling assembly comprising: 

an expandable first tubular having a first yield 

15 strength; and 

an  expandable  second  tubular having  a  second yield 

strength greater than said first yield strength,  at least 

a portion of the second tubular being adapted to receive at 

least a portion of the first tubular, and said portion of 

20 the first tubular being expandable beyond its yield point 

to expand said portion of the second tubular. 

24. The assembly of claim 23, wherein the tubulars are 

adapted for use downhole for lining a drilled bore. 
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25. The assembly of claim 24, wherein the first tubular is 

liner. 

26. The assembly of claim 24 or 25, wherein the second 

tubular is casing. 

5 27.    The assembly of any of claims  23 to 26,   wherein at 

least one tubular has substantially constant material 

properties over its length. 

28. The assembly of any of claims 23 to 26, wherein at 

least   one   of   said   portions   of   said   first   and second 

10 tubulars  has   different  material  properties   from another 

portion of the respective tubular. 

29. The assembly of claim 28, wherein said portion of the 

second tubular comprises inner and outer wall portions of 

different material properties. 

15 30.    The  assembly   of  claim  29,   wherein   said   outer wall 

portion has a yield strength higher than said inner wall 

portion. 

31. The assembly of claim 29 or 30, wherein said inner and 

outer wall portions are integral. 

20 32.    The assembly of claim 29 or 30, wherein said inner and 
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outer wall portions comprise separate members. - 

33. The assembly of any of claims 23 to 32, further 

comprising an expansion device. 

34. The   assembly  of   claim  33,   comprising   an expansion 

5         cone. 

35. The assembly of claim 33 or 34, comprising a roller 

expander. 

36. The assembly of any of claims 33, 34 or 35, 

comprising a compliant expansion device providing a minimum 

10 degree of expansion sufficient to expand the first tubular 

through yield. 

37. The assembly of any of claims 23 to 36, wherein the 

materials utilised to form the tubulars have the same or 

similar elastic moduli. 

15 38.    The assembly of any of claims 23 to 36,  wherein the 

second tubular has a lower modulus of elasticity than the 

first tubular. 

39.    A method of coupling first and second tubulars, the 

method comprising: 

20 providing a first tubular having a first modulus of 

SUBSTITUTE SHEET (RULE 26) 



WO 03/048521 PCT/GB02/05544 

24 

elasticity; 

providing a second tubular having a second modulus of 

elasticity lower than said first modulus of elasticity; 

locating at least a portion of the first tubular 

5 within at least a portion of the second tubular; 

expanding said portion of the first tubular sufficient 

to expand said portion of the second tubular; and 

permitting at least a degree of elastic contraction of 

the tubulars. 

10 40.    The  method  of   claim  39,   comprising   expanding said 

portion of the first tubular by application of an expansion 

force thereto and then at least reducing said expansion 

force to permit said degree of elastic relaxation of the 

tubulars. 

15 41.    The method of claim 39 or 40, comprising expanding the 

tubulars downhole. 

42. The method of claim 41, wherein the first tubular is 

liner. 

43. The  method  of  claim  41   or   42,   wherein the second 

20         tubular is casing. 

44. The method of claim 41, 42 or 43, further comprising 

hanging the first tubular off the second tubular. 
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45. The method of any of claims 39 to 44, further 

comprising forming a fluid seal between the tubulars. 

46. The method of any of claims 39 to 45, comprising 

expanding the first tubular at least to its yield point. 

5 47.    The  method  of  any  of   claims   39   to   46, comprising 

expanding the first tubular beyond its yield point. 

48. The method of any of claims 3 9 to 47, comprising 

expanding the second tubular at least to its yield point. 

49. The  method  of   any  of   claims   39  to   48, comprising 

10         expanding the second tubular beyond its yield point.. 

50. The method of any of claims 39 to 49, comprising 

forcing an expansion cone through the tubulars. 

51. The method of any of claims 39 to 50, comprising 

expanding the tubulars by rolling expansion. 

15 52.    The  method  of   any  of   claims   39   to   51, comprising 

expanding the tubulars using a compliant expander device 

providing a minimum degree of expansion sufficient to 

expand the first tubular through yield. 

53.    The  method  of   any  of   claims   39   to   52, comprising 
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maintaining an annulus surrounding said portion of the 

second tubular free of material that would restrict the 

desired degree of expansion of the tubulars. 

54. The method of any of the claims 39 to 53, comprising 

expanding the first tubular to contact the second tubular. 

55. The method of any of claims 39 to 54, comprising 

selecting the yield strength of the first tubular to be 

lower than the yield strength of the second tubular. 

56. The  method   of   any   of   claim   39   to   55, comprising 

10         selecting the  yield strength of  the  first  tubular to be 

lower than the yield strength of the second tubular before 

expansion. 

57. The method of any of claims 39 to 55, comprising 

selecting the  yield strength of the first  tubular  to be 

15 lower than the yield strength of the second tubular at the 

point deformation of the second tubular is initiated. 

58. The method of any of claims 39 to 57, comprising 

selecting the degree of expansion to accommodate known 

variables  and  to  ensure  expansion  of  the  tubulars  to a 

20 minimum predetermined degree. 

59. A method of  coupling  a  first tubular with  a second 
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tubular, the method comprising: 

determining the elastic modulus of a second tubular; 

selecting a first tubular having an elastic modulus 

greater than said determined second modulus; 

locating at least a portion of the first tubular 

within and overlapping at least a portion of the second 

tubular; 

expanding said portion of the first tubular sufficient 

to expand said portion of the second tubular; and 

permitting at least a degree of elastic relaxation of 

the expanded tubulars. 

60.    A method of  coupling  a  first  tubular with a second 

tubular, the method comprising: 

15 determining the elastic modulus of a first tubular; 

selecting a second tubular having an elastic modulus 

lower than said determined first modulus; 

locating   at   least   a   portion   of   the   first tubular 

within  and  overlapping  at  least  a portion of the second 

20 tubular; 

expanding said portion of the first tubular sufficient 

to expand said portion of the second tubular; and 

permitting at least a degree of elastic relaxation of 

the tubulars. 

25 61.    A tubing hanger made in accordance with the method of 

any of claims 39 to 60. 
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62.    A tubing coupling assembly comprising: 

an expandable first tubular having a first modulus of 

elasticity; and 

an expandable second tubular having a second modulus 

5 of  elasticity  less  than said  first modulus,   at  least a 

portion of the second tubular being adapted to receive at 

least a portion of the first tubular, and said portion of 

the first tubular being expandable to expand said portion 

of the second tubular. 

10 63.    The  assembly of  claim  62,   wherein  the  tubulars are 

adapted for use downhole for lining a drilled bore. 

64. The assembly of claim 63, wherein the first tubular is 

liner. 

65. The  assembly of  claim  63  or  64,   wherein the second 

15         tubular is casing. 

66. The assembly of any of claims 62 to 65, wherein at 

least one tubular has substantially constant material 

properties over its length. 

67. The assembly of any of claims  62 to  65,   wherein at 

20         least   one   of   said   portions   of   said first   and second 

tubulars has different material properties from another 

portion of the respective tubular. 
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68. The assembly of claim 67, wherein said portion of the 

second tubular comprises inner and outer wall portions of 

different material properties. 

69. The  assembly  of  claim  68,   wherein   said  outer wall 

5         portion has a modulus lower than said inner wall portion. 

70. The assembly of claim 68 or 69, wherein said inner and 

outer wall portions are integral. 

71. The assembly of claim 68 or 69, wherein said inner and 

outer wall portions comprise separate members. 

10 72.    The   assembly   of   any   of   claims   62   to   71, further 

comprising an expansion device. 

73. The assembly of any of claims 62 to 72, further 

comprising an expansion cone. 

15 74.    The   assembly   of   any   of   claims   62   to   73, further 

comprising a rolling .expander. 

75.    The   method   of   any   of   claims   62   to   74, further 

comprising a compliant expansion device adapted to provide 

a  minimum  degree   of  expansion  sufficient   to  expand the 

20 first tubular through yield. 
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76. The assembly of any of claims 62 to 75, wherein the 

first tubular has a first yield strength and the second 

tubular has a second yield strength, the second yield 

strength being greater than said first yield strength. 

5 77.    A method of determining the  suitability of a first 

tubular for coupling with a second tubular by expansion of 

the first tubular within the second tubular to expand the 

second tubular and such that at least the first tubular 

passes through yield, the method comprising determining the 

10 yield strengths of the first and second tubulars. 

78.    A method of determining the   suitability of  a first 

tubular for coupling with a second tubular by expansion of* 

the first tubular within the second tubular to expand the 

second   tubular,    the   method 'comprising   determining the 

15 elastic moduli of the first and second tubulars. 
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Fig. 2 
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